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(57) A method for preparing a composite oxide hav- 
ing oxygen absorbing and desorbing capability compris- 
ing the steps of; providing a starting composite oxide 
comprising cerium oxide, zirconium oxide, and hafnium 



oxide; subjecting said starting composite oxide to heat- 
ing-deoxidation' to give a deoxidized composite oxide; 
and subjecting said deoxidized composite oxide to heat- 
ing-oxidation. ' 




< 

to 

CO 

o 

CO 

o 
h- 

o : 

Q_ 
UJ 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 708 066 A1 



D scription 

BACKGROUND OF THE INVENTION 

s The present invention relates to a method for preparing a composite. oxide having especially excellent oxygen 

absorbing and desorbing capability which is utilizable for a.catalyst for purifying exhaust gases and for functional ce- 
ramics. 

Cerium oxide has hitherto been employed in large quantities as catalysts for purifying exhaust gas and as ceramics. 
For example, in the field of catalysts, cerium oxide is used for enhancing the purification rate of exhaust gas components 

to such as hydrocarbons, carbon monoxide and NOx, taking advantage of its characteristic properties of absorbing oxygen 
in an oxidizing atmosphere and desorbing oxygen in a reducing atmosphere. In the field of ceramics, cerium oxide is 
used in the form of compounds or mixtures with other elements as electrically conductive ceramics, such as solid 
electrolytes, taking advantage of its characteristic, properties mentioned above. Such cerium oxide heretofore known 
is usually' prepared, for example by adding oxalic acid or ammonium bicarbonate to a solution of nitrate or chloride of 

*5 cerium, filtering and washing the resultant precipitate, followed by drying and calcining. 

However, -the conventional composite oxide predominantly composed of cerium oxide prepared according to the 
above method; though it exhibits Oxygen 'absorbing and desorbing capability, has a drawback in that it is incapable of 
sufficiently absorbing and desorbing oxygen at 40O to 700 °C, and is deteriorated in performance after heating to a 
higher temperature. 1 

20 Up to now, a cerium-zirconium composite oxide having high oxygen absorbing, and desorbing capability is known 

and disclosed in Japanese Laid-open Patent Publication No. 5-1 05428 (1 993), but development of a composite oxide 
exhibiting even more excellent oxygen absorbing and desorbing capability has still been desired. 

• SUMMARY OF THE INVENTION 

25 , . .... .' 

It is therefore an object of the present invention to provide a method for easily preparing a composite oxide con- 
taining cerium oxide, zirconium oxide, and hafnium oxide which exhibits excellent oxygen absorbing and desorbing 
capability. . \ 
The above and other objects of the present invention will become apparent from the following description. 
30 According to the present invention, there is provided a method for preparing a composite oxide having oxygen 

absorbing and desorbing capability comprising the steps of: providing a starting composite oxide comprising cerium 
oxide, zirconium oxide, and hafnium oxide; subjecting said starting composite oxide to heattng-deoxidation to give a 
deoxidized composite. oxide; and subjecting said deoxidized composite oxide to heating-oxidation. 

35 BRIEF-DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the oxygen absorbing and desorbing capability of the composite oxides synthesized in 
Examples 1 to 4. 

Fig. 2 is a graph showing X-ray diffraction patterns of the composite oxides synthesized in Examples 1, 2, 3, and 
4, respectively. 

Fig. 3 is a graph showing an X-ray diffraction pattern of the composite, oxide synthesized in Example 6 and a 
calculated pattern of the <t>' phase. - ' " 

Fig. 4 is a graph showing an X-ray diffraction pattern of the composite oxide A synthesized in Example 6 and 
calculated pattern of the <t> phase. 
45 Fig. 5 is a graph showing the oxygen absorbing. and desorbing capability of the composite oxides synthesized in 

Comparative Exanples 1 to 4. ... 

Fig. 6 is a graph showing X-ray.diffraction patterns of the composite oxides synthesized in Comparative Examples 
1 , 2, 3, and 4, respectively. 

50 PREFERRED EMBODIMENT OF THE INVENTION 

The present invention will now be explained in more detail hereinbelow. 

In the present method, the indispensable constructions is to effect heating-deoxidation ancf heating-oxidation to a 
composite oxide containing cerium oxide, zirconium oxide, and hafnium oxide as indispensable components (referred 
55 to hereinafter as composite oxide A). 

In the above composite oxide A, the preferable proportion of the indispensable components is 4.99-98.99 % by 
weight of cerium oxide, 1 -95 % by weight of zireonium.oxide, and 0.01-20 % by weight of hafnium oxide. If the proportion 
of each component is outside th above-mentioned rage, the composite oxide will not be able to display sufficient 



2 



v EP 0 708 066 A1 

oxygen absorbing and desorbing capability thus being not preferred. Further, the composite oxide A may contain, in 
addition to the above indispensable components, an additional metal oxide or oxides such as titanium oxide, tungsten 
oxide, nickel oxide, copper oxide, iron oxid , aluminum oxide, silicon oxide, beryllium oxide, magnesium oxide, calcium 
oxide, strontium oxide, barium oxide, oxid s of rare earth metals other than cerium, and mixtures thereof. Preferably, 
s the proportion of the additional metal oxide is 1 0 % by' weight or less based on the total weight of the composite oxide A. 

For preparation of -the above composite, oxide A, a solution containing cerium ion, zirconium ion, hafnium ion, and 
if necessary, additional metal ions for forming the aforementioned additional metal oxides, are mixed with an aqueous 
solution of ammonia, ammonium bicarbonate or oxalic acid to prepare a composite salt precipitate containing at least 
cerium, zirconium, and hafnium. In this case, the solution containing cerium ion, zirconium ion, and hafnium ion may 
10 be prepared, for example, by mixing together an aqueous solution of cerium nitrate and an aqueous solution of zirco- 
nium nitrate and hafnium nitrate, or by mixing together an aqueous solution of cerium nitrate, an aqueous solution of 
zirconium nitrate, and an aqueous solutfon of hafnium nitrate. Furthermore, in this case, the above aqueous solutions 
may optionally be mixed with a solution containing titanium ion,, tungsten ion, nickel ion, copper ion, iron ion, aluminum 
ion, silicon ion, beryllium ion : magnesium ion, calcium ion, strontium ion, barium ion, rare earth metal ion other than 
is qerium ion, or mixtures thereof as. needed. m • ' . 

The concentration of the solution containing cerium ion, zirconium ion, and hafnium ion is vithin a range preferably 
of 30 to 200 g/liter, and more preferably of 50 to 100 g/liter in terms of the composite oxide containing above ions: The 
mixing ratio of the cerium. ion, zirconium ion, hafnium ion, and the additional metal ions optionally admixed therewith 
is 4.99-98.99 : 1-95 : 0.01 -20 : 0-10 in terms of weight ratio of oxides of the respective ions. • 
20 The concentration of the aqueous solution of ammonia to be mixed with the solution containing cerium ion, zirco- 

)■ nium ion, and hafnium ion is preferably 1-2 N and more preferably 1-1.5 N. The concentration of the aqueous solution 

of ammonium bicarbonate to be mixed with the solution containing cerium ion, zirconium ion, and hafnium ton.is pref- 
erably 50 to 200 g/litter and more preferably 100 to 150 g/liter The concentration of the aqueous solution of oxalic acid 
to be mixed with the solution containing cerium ion, zirconium ion, and hafnium ion is preferably 50 to 100 g/iiter and 
25 more preferably 50 to 60 g/liter. The mixing ratio of the solution containing cerium ion, zirconium ion, and hafnium ion 
to the aqueous solution of ammonia, ammonium bicarbonate, or oxalic acid is preferably 1 : T - 1 : 10 by weight ratio. 
The composite salt precipitate obtained in this case may for example be a composite hydroxide or a composite car- 
bonate. - • 
Composite oxide A. may be produced by calcining the resultant composite salt precipitate at 300 °C or higher, 
30 preferably at 300 to 1000 °C for 1 to 10 hours. The composite salt precipitate may also be hydrothermalty processed 
prior to the calcining step. The hydrothermal processing may usually be carried out using an ordinary autoclave or the 
like device. The temperature and the processing time for the hydrothermal processing are preferably 100 to 135 °C 
and 0.5 to 1 hour, respectively. 

The composite oxide A may also be obtained by the following method. Specifically, for example, cerium oxide, . 
.35 zirconium oxide, and hafnium oxide, or otherwise, cerium oxide and zirconium oxide containing hafnium oxide; aind 
optionally the additional rtietai oxide are weighed to have a proportion of 4.99-98.99 by weight of cerium oxide, 1-95 
by weight of zirconium oxide, 0.01-20 by weight of hafnium oxide, and 0-10 by weight of ,the additional metal oxide, 
and are mixed together uniformly. The mixing is effected preferably by an ordinary ball mill and the like device. The 
uniformly mixed oxides are then molded into pellets in a compression molding device under a pressure of preferably 
\ 40 200 to 1000 kg/cm 2 , and the resultant pellets are sintered under heating at 700 to 1500 °C for T to 10 hours/The 
sintered body is then taken out and crushed by a crusher, such as a ball mill, to have a particle size preferably of 1 .0 
to 100 uiTi to give the composite oxide A. 

In the present method, the composite oxide A is subsequently subjected to heating-deoxidation. It is preferred 
that, prior to the heating-deoxidation, impurities deposited on the composite oxide A is removed. The impurities may 
45 be removed from the composite oxide A, for. example, by charging the composite oxide A in a vacuum heating furnace, 
introducing an oxygen gas or the like into. the furnace after evacuating the inside of the furnace to vacuum, and main- 
taining the composite oxide therein preferably at 200 to 1 000 *C for 0.5 to 10 hours. 

The heating-deoxidation may preferably be carried out by charging the composite oxide A in a vacuum heating 
furnace, introducing a reducing gas, such as hydrogen or carbon monoxide into the furnace after- evacuating the inside 
so pf the furnace to vacuum, and subsequently heating the composite oxide A preferably at 600 to .1000 °C for 0.5 to 10 
hours under the reducing gas atmosphere. In this case, the heating may be carried out in a reducing gas stream as 
needed. The reducing gas employed may be diluted with an inert gas. In this case, the concentration of the reducing 
gas diluted with the inert gas is preferably not.less than 1 % by volume. Alternatively, the heating-deoxidation may be 
carried out, for example, by admixing a reducing agent such as carbon powders to the composite oxide A, and sub- 
55 sequently heating the resultant mixture preferably at 800 to 1300 °C for 1 to 10 hours. The mixing amount of the"* 
reducing agent is preferably 1 to 1.5 equivalent of the amount of cerium in the composite oxide A. 

After the heating-deoxidation, heating-oxidation is carried out for producing the composite oxide having desired 
excellent oxygen absorbing and desorbing capability according to the present invention. 
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The heating-oxidation may be carried out by, after the heating-deoxidation, vacuating again the insid of the 
furnace to vacuum for removing any residual reducing gas, introducing an oxidizing gas, such as air or an oxygen gas 
into the furnace, and heating the composite oxide in an atmosphere of the oxidizing gas at a temperature of 600 to 
850 °C for 0.5 to 10 hours. In this case, th heating may be carried put in a oxidizing gas stream as needed. 

s The above heating-deoxidation and the heating-oxidation may be repeated two or three times. 

The composite oxide obtained by the present method exhibits oxygen absorbing and desorbing capability of not 
less than 100 jomol/g, preferably in a range. of from 1 00 jimol/g to 1200 jimol/g, and more preferably 150 ujnol/g to 
1200 ujnol/g at a temperature range of 400 to 700-°C. Such oxygen absorbing and desorbing capability results from 
changes in valency of cerium in the composite oxide from 4 at the time of fabrication to 3 upon heating under deoxidation 

10 conditions, e.g. in a hydrogen stream. The zirconium and hafnium components contained in the composite oxide pro- 
mote the oxygen absorbing and desorbing capability and the valency of both components' is constant at 4 . respectively. 
Among the composite oxides obtained by the present method, a composite oxide having phase, which is a never- 
reported, novel crystal structure, is occasionally included. This phase is comprised of 8 units of the CaF 2 -reiated 
structure and has twice as much lattice parameter as crystal structure not having the phase. For example, a lattice 

*s parameter of Zr0 2 -Ce0 2 having no <j>' phase is 0.51-0.53 nm, whereas that of Zr0 2 : Ce0 2 having $ phase is 1 .02-1 .06 
nm. The phase is a crystal.structure showing peaks in the (222), (400), (331), (333), (511), (440), (622), and {444) 
planes of the calculated X-ray diffraction pattern. The calculation of X-ray diffraction pattern is generally described in 
B. D: Cullity "Summary of X-Ray Diffraction, New Edition" issued from KK AGUNE and translated by Gentaro Mat- 
sumura (1983). However, in identifying this <]>'• phase, it may occur that the peak values of the (331), (333), and (511) 

20 planes in the X-ray diffraction pattern are small depending on the composition such that the peaks in these planes do" . 
not appear clearly in case of weak sensitivity in the X-ray diffraction pattern. Without the presence of these peaks, the 
<J>' phase can be identified by the other large peaks mentioned above. Although a tetragonal $ phase (V. Longo and D. 
Minichelli : J. Amer, Ceramic Soc, 56 (1973), 600 f ;P. Duran, M. Gonzzalez, C. Moure, J. R. Jurado and C. Pascual: 
J. MaterialsSci., 25 (1990),. 5001.) is known as an analogous phase, this $ phase is found to be different from the >* 

25 phase as will become apparent by comparing the X-ray diffraction pattern and the calculated X : ray diffraction pattern 
shown in Fig. 3 with those of Fig. 4 as explained subsequently. . 

According to the present method, superior oxygen absorbing and desorbing capability can easily be rendered to 
a composite oxide containing cerium, zirconium, and hafnium compared to the conventional cerium oxide and cerium- 
zirconium composite oxide, by subjecting the composite oxide to heating-deoxidation and heating-oxidation. The re- 

so suiting composite oxide is highly useful in the fields of catalysts and functional ceramics. 

- EXAMPLES OF THE INVENTION 

, The present invention will now be explained in more detail with reference to Examples and Comparative Examples 
35 hereinbelow, which are merely illustrative and not intended for limiting the present invention. 

Example 1 - 

97 ml of an aqueous solution ol cerium nitrate prepared by dissolving high purity cerium nitrate solution (manu- 

40 factured by SANTOKU METAL INDUSTRY CO., LTD.- with a purity of 99.9 %) in water to have a concentration of 300 
g/liter in terms of cerium oxide were mixed with 55 ml of an aqueous solution of zirconium nitrate prepared by dissolving 
zirconium nitrate solution prepared by dissolving zirconium nitrate solution (manufactured by DAMCHI KIGENSO KA- 
GAKU KOGYO CO., LTD. with a purity of .99.9 %) in water to have a concentration of 25 % by weight in terms of 
zirconium oxide and 24 ml of an aqueous solution of hafnium nitrate prepared by dissolving hafnium nitrate solution 

45. (manufactured by WAKO PURE CHEMICAL INDUSTRIES, LTD. with a purity of 97 %) in water to have a concentration: 
of 10 g/liter in terms of hafnium oxide, thereby preparing a solution containing cerium ion, zirconium ion, and hafniun 
ion having the Ce : Zr : Hf weight ratio of 89.7 : 10 : 0.3 and the concentration of 50 g/liter in terms of. the composite 
oxide. To. 1 liter of the resultant solution was then added 1 liter of a separately prepared aqueous solution of ammonium 
bicarbonate having a concentration of 150 g/ liter to give a precipitate of a composite carbonate containing cerium, 

so zirconium, and hafnium, the resultant composite carbonate was calcined at 300 °C for 5 hours to yiefd 50 g of a 

composite oxide containing cerium, zirconium, and hafnium. 
x The composite oxide A was charged in a vacuum heating furnace which was then evacuated to vacuum. The 

composite oxide A was then heated to and maintained at 900 °C for one hour as a pure oxygen gas was introduced 
into the.furnace for removing impurities affixed thereto. After the temperature was lowered to 100 °C, the furnace was 

55 again evacuated to vacuum to remove oxygen gas. The composite oxide A was heated at 1000 °C for 5 hours as an 
argon gas-diluted 10 % hydrogen gas was introduced into the furnace. After the temperature was lowered to 600 °C, 
the furnace was evacuated to vacuum. The composite oxide A was then heated at 600 °C for 5 hours as the oxygen 
gas was introduced into the furnace for synthesizing the composite oxide. The oxygen absorbing and desorbing prop- 
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erties of the produced composite oxide were then measured using an electro-chemical oxygen pump typ closed- 
system oxygen analyzer disclosed in Shinya Yao and Zensaku Kozuka, "Detection of the Phase Transitions of Pra- 
seodymium Oxide Thin Film by a Closed-System Potentiostatic Technique Emptying a Solid Electrolyte", Journal of 
the Electro-Chemical Society of Japan, 61 No. 2, P262 (1993). The results are shown in Fig. 1 (see Z50). The values * 
s of the absorbed and desorbed quantities of oxygen as read from Fig. 1 are shown in Table 1 . Analyses of the crystal 
structured the produced composite oxide with an X-ray diffraction apparatus manufactured by SHIMADZU CORP., 
revealed that the crystal structure had <t>* phase. The results are shown in Fig. 2 (see (a), Z50). Measurements of the 
• composition of the produced composite oxide indicated the composition of 58.1 6 % by weight of cerium oxide, 41 .35 
% by weight of zirconium oxide, and 0.49 % by weight of hafnium oxide. 

t° . • \ 

Example 2 ■ 

A composite oxide was produced in the same way as in Example *1 except changing the composition of the starting 
components so that the composition of the composite oxide was 48.10 % by weight of cerium oxide, 51 .30 % by weight 
is of zirconium oxide, and 0.60 % by weight of hafnium oxide. The results are shown in Figs. 1 and 2 (see Z60 in Fig. 1 
and (b) Z60 in Fig. 2) and in Table 1, as in Example 1. 

Example 3 . ' \ 

20 21 .4 g of cerium oxide (manufactured by SANTOKUMETAL INDUSTRY CO., LTD. with a purity of 99.9 %) was 

) mixed with 28.6 g of zirconium oxide containing 1 . 1 7 % by weight of hafnium oxide (manufactured by SANTOKU METAL 

INDUSTRY CO., LTD. with a purity of zirconium oxide of 98.83 % by weight) in a ball mill, and compression-molded 
by a compression molding device under a molding pressure of 500 kg/cm 2 to give pellets. The resultant pellets were 
then sintered in atmosphere at 1500 °C for 5 hours, and subsequently crushed in a ball mill to give a composite oxide 

25 a. The resultant composite oxide A was charged in .a vacuum heating furnace, which was then evacuated to vacuum, 
as in Example 1: The composite oxide A was then heated to and maintained at 900 °C for 1 hour as a pure oxygen 
gas was introduced into the furnace for removing impurities affixed thereto. After the temperature was lowered to 1 00 
°C, the furnace was again evacuated to. vacuum to remove oxygen gas. The composite oxide A. was then heated at 
1 000 °C for 5 hours as an argon gas-diluted io % hydrogen gas was introduced into the furnace. After the temperature 

30 was lowered to 600 °C, the furnace was evacuated to vacuum. The composite oxide /V was then heated at 600 °C for 
5 hours as the oxygen gas was introduced into the furnace for synthesizing the composite, oxide. 

The oxygen absorbing and desorbing properties. of the. produced composite oxide .were measured as in Example 
1 . The values of the absorbed and desorbed quantities of oxygen as read from Fig. 1 are shown in Table 1 . Analyses 
of the crystal structure conducted in the same way as in Example t, indicated the presence of phase. The results 

35 are shown in Fig. 2 (see (c), Z65). Measurements of the composition of the produced composite oxide indicated the 
composition of 42.81 % by weight of cerium, oxide, 56.52 % by weight of zirconium oxide, and 0.67 % by weight of 
hafnium oxide. 

Example 4 , 

40 . ; 

' A composite oxide was produced in the same way as in Example 3 except changing the composition of the starting 

components so that the composition of the composite oxide was 25.79 % by weight of cerium oxide, 73.35 % by weight 
of zirconium oxide, and 0.86 % by weight of hafnium oxide. The results are shdwnin Figs. 1 and 2 (see Z80 in Fig. 1 
and (d), Z80 in Fig. 2) and in Table 1 , as in Example 3. 

'45 . 

• Example 5 . • 

79 ml of an aqueous solution of cerium nitrate prepared in Example 1 were mixed with 68 ml of an aqueous solution 
containing zirconium nitrate prepared by dissolving zirconium nitrate solution containing 1.17 % by weight of hafnium 

so based on the total weight of zirconium in water to have a concentration of 25 % by weight in terms of zirconium oxide 
and 8 ml of an aqueous solution of yttrium nitrate prepared by dissolving yttrium nitrate (manufactured by SANTOKU 
MET^L INDUSTRY CO., LTD. with a purity of 99.9%) in water to have a concentration of 100 g/liter in terms of yttrium, 
oxide, thereby preparing a solution containing cerium ion, zirconium ion. hafnium ion, and yttrium ion having the Ce : 
Zr : Hf : Y weight ratio of 49.9 : 47.8 : 0.7 : 1.6 and the concentration of 50 g/liter . in' terms of the composite oxide. Then 

55 the r sultant solution was processed in the same manner as in Example 1 to obtain 50 g of composite oxide A. 

The composite oxide A was charged in a vacuum. heating furnace, which was then evacuated to vacuum. The 
composite oxide A was then heated to and maintained at 900 °C for 1 hour as a pure oxygen gas was introduced into 
the furnace for removing impurities affixed thereto. After the temperature was lowered to 100 °C, the furnace was again 
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evacuated to vacuum to remove oxygen gas. The composite oxide A was then heated at 900 °C for 5 hours as an 
argon gas-diluted 1 0 % hydrogen gas was introduced. After the temperature was lowered to 600 °C, the furnac was 
evacuated to vacuum. The composite oxide A was then heated at 600 °C for 5 flours as the oxygen gas was introduced 
into the furnace for synthesizing the composite oxide. . 

The oxygen absorbing and desorbing properties of the produced composite oxide was measured in the same 
manner as in Example 1. The results are shown in Table 1. The composition of the produced composite oxide was 
47.63 % by weightof cerium oxide, 50.20 % by weight of zifconium.oxide, 0.59 % by weight of hafnium oxide, and ' 
1 .58 % by weight of yttrium oxide. 

Example 6 

24.0 g of cerium oxide (manufactured by SANTOKU METAL INDUSTRY CO., LTD. with a purity of 99.9 %) was 
mixed with 25.6 g of zirconium oxide containing 1.17 % by weight of hafnium oxide (manufactured by SANTOKU METAL . 
INDUSTRY CO., LTD, with a purity of zirconium oxide of 98.83 % by weight) and 0.4 g of commercially available calcium 
oxide (purity of 99.9 %) in a ball mill, and compression-molded by a compression molding device under a molding 
pressure of 500 kg/cm 2 to give pellets. The resultant pellets were then sintered in atmosphere at 1 500 °C for 5 hours, 
and subsequently crushed in a ball mill to give a composite oxide A. The composite oxide A was charged in a vacuum 
heating furnace, which was then evacuated to vacuum; The composite oxide A was then heated to. and maintained at 
900 *C for 1 hour as a pure oxygen gas was introduced into the furnace for removing impurities affixed thereto. After 
the temperature was lowered to 100 °C, the furnace was again evacuated to vacuum to remove oxygen gas. The 
composite oxide A. was then heated at 1000 °C for 5 hours as an argon gas-diluted 10 % hydrogen gas was introduced. 
After the temperature was lowered to 600 °C, the furnace was evacuated to. vacuum. The composite oxide A was then 
heated at 600 °C for 5 hours as the oxygen gas was introduced into the furnace for synthesizing the composite oxide. 

The oxygen absorbing and desorbing properties of the produced composite. oxide were measured in. the same 
way as in Example 1 . Analyses of the crystal structure conducted in the same way as in Example 1 showed the presence 
of <(> phase, without indications the presence of <t>' phase. The results are shown in Fig. 4. Comparison of Fig : 3 with 
Fig. 4 revealed that the f phase was different from the $ phase. The composition of the composite oxide was 48:02 
% by weight of cerium oxide, 50.60 % by weight of zirconium oxide, 0.59 % by weight of hafnium oxide, and 0.79 % 
by weight of calcium oxide.. 

. Comparative Examples l and 2 

Composite oxides were prepared in the same manner as in Examples 1 and 2, respectively except that neither 
the heating-deoxidation.nor the treating-oxidation was effected. X-ray diffraction and measurements of oxygen absorb- 
ing and desorbing properties of the produced composite oxides were measured in the same manner as in Example 1 , 
respectively. The results are shown in Figs. 5 and6 (see C50 and C40 in Fig. 5 and (e) and (f) in Fig. 6), and in Table 1 . 

Comparative Examples 3 and 4 N 

Composite oxides were prepared in the same manner as in Examples 3 and 4, respectively except that neither 
the heating-deoxidation nor the heating-oxidation was effected. The X-ray diffraction and oxygen absorbing and des- 
orbing properties of the produced composite oxides were measured in the same manner as in Example 3, respectively. 
The results are shown in Figs., 5 and 6 (see C35 and C20 in Fig. 5 and (g) and (h) in Fig. 6), and in Table 1. 



Table 1 





Composition (wt. % of oxide) 


Oxygen absorbing and desorbing capability Oxygen 
umol/g 


Ce 


Zr 


Hf 


Ca 


Y 


Example 1 


58.16 


41.35 


0.49 






1,112 


Exar/iple 2 


48.10 


51.30 


0.60 






1,073 


Example 3 


. 42.81 


56.52 


0.67 






1,009 


Example 4 


25.79 


73.35 


0.86 






638 . 


Example 5 - 


47.63 


50.20 


6.59 




1 .58 . 


1,053 
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Table 1 (continued) 





. ' Composition (wt, % of oxide) 


Oxygen absorbing and desorbing capability Oxygen 
u.mbl/g 


. Ce 


Zr 


Hf 


Ca 


Y 


Example 6 


48.02. 


50.60 


0.59 


0.79 




.1,071 


Comp. Ex. 1 


.58.16 


41.35 


0.49 






463 


. Comp. Ex. 2 


48.10 


51.30 


. 0.60 






.655 


Comp. Ex. 3 


42.81 


56.52 


0.67 






516 


Comp. Ex. 4 


25.79 


73.35 


0.86 






408 



10 



.15 



20 



25 



30 



35 



40 



45 



SO 
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Claims 

1 . A method for preparing a composite oxide having oxygen absorbing and desorbing capability comprising the steps 

of: ' • • ' 

providing a starting composite oxide comprising cerium oxide, zirconium oxide, and hafnium oxide; 
subjecting said starting composite oxide to heating-deoxidation to give a deoxidized composite oxide; and 
subjecting said deoxidized composite oxide to heating-oxidation. 

2. The method as claimed in claim 1 , wherein said step of subjecting said staring composite oxide to heating-deox- 
idation comprises heating said starting composite oxide at 600-1 000°C for 0.5-10 hours under deoxidizing atmos- 
phere. . 

3. The method as claimed in claim 1 , wherein said step of subjecting said staring composite oxide to heating<leox- 
idation comprises the steps of admixing a reducing agent to said starting composite oxide to give a mixture, and 
heating said mixture at 800-1 300 °C for 1-10 hours. . 

4. The method as claimed in claim 1, wherein said step of subjecting said deoxidized composite oxide to heating- 
oxidation comprises heating said deoxidized composite oxide at 600-850 °C for 0.5 to 10 hours under oxidizing 
atmosphere. 

5. The method as claimed in claim 1, wherein said steps of subjecting said starting composite oxide, to heating- 
deoxidation and subjecting said deoxidized composite oxide to heating-oxidation are repeated by turns. - J 

6. The method as claimed in claim 1 , wherein said step of providing a starting composite oxide comprising cerium 
oxide, zirconium oxide, and hafnium oxide comprises the steps of mixing a first solution containing, cerium ion, 
zirconium ion, and hafnium ion with a second solution selected from the group consisting of an aqueous solution 
ol ammonia, an aqueous solution of ammonium bicarbonate, and an aqueous solution of oxalic acid to prepare a 
composite salt precipitate containing cerium, zirconium, and hafnium, and calcining said precipitate at a temper- 
ature of at least 300 °C. • ' 

7. The method as claimed in claim 1 , wherein said step of providing a starting composite oxide comprising cerium 
oxide, zirconium oxide, and hafnium oxide comprises the steps of mixing uniformly cerium oxide, zirconium oxide, 
and hafnium oxide to give a mixture, molding said mixture to give a pellet, sintering said pellet, and pulverizing 
said pellet. 

8. TJie method as claimed in claim 1, wherein said starting composite oxide contains 4.99-98.99 % by weight of 
cerium oxide : 1 -95 % by weight of zirconium oxide, and 0.01-20 % by weight of hafnium oxide. 

.9. The method as claimed in clajm 1, wherein said composite oxide has oxygen absorbing and desorbing capability 
of at least 100 u.mol/g at 400 to 700 °C. 
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